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[57] ABSTRACT

A closed mixing machine suitable for mixing rubber
materials, which includes a closed mixing chamber and
a pair of rotors received in the chamber for rotating in
opposite directions, wheren the rotor tips’ clearance
and the rotor rotation speed are increased up to values
greater than typical values of the conventional mixing
machine. Accoridng to this arrangement, mixing pro-
ductivity is increased by a maximum of 70% with the
even discharge temperature and energy consumption is
reduced in comparison with the conventional machine.

1 Claim, 18 Drawing Figures
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1
CLOSED MIXING MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improvement in a
closed mixing machine, and more particularly a mixing
machine for mixing a rubber material or a plastic mate-
rial.

2. Description of the Prior Art

A closed mixing machine is adapted to perform a
batch mixing of rubber or a plastic material. More par-
ticularly, the machine allows for a plasticization mixing
of the rubber material, and batch mixing of a carbon
master with or without a sulfurizing agent in manufac-
turing rubber products such as a tire.

There are a number of conditions required in such
mixing machine, particularly a reduced period of mix-
ing time for improving productivity, an increased de-
gree of dispersion of additives for achieving improved
mixing, and prevention of excessive heat generation of
the mixing material.

The mixing performed by the batch-type mixing ma-
chine includes basic processes consisting of macro-dis-
persion, distributive mixing, and micro-dispersion of the
material. Macro-dispersion is mainly caused by an axial
propulsive force created by helical vanes of a rotor
rotatable in a mixing chamber, while the micro-disper-
sion thereof is caused by a strong shearing force of the
vanes acting on the material moving in a direction nor-
mal to the rotor axis, as disclosed in Japanese Patent
Laid-Open Publication Nos. 58-4567, 58-887, 58-888,
58-5094 and 59-31369.

The conventional mixing machines proposed in the
foregoing documents provide improvements relating
only to the macro-dispersion by modifying a length,
helical angle of the rotor vanes, and a ratio of the length
to the diameter of the mixing chamber. Such improve-
ments were sought in view of the necessity of higher
productivity and improved mixing quality, and for
keeping the material at a relatively low temperature
during the mixing operation. However, the foregoing
mixing machine fails to provide a suitable arrangement
for performing a desired effective micro-dispersion of
the material.

With reference to FIGS. 1 to 4 of the accompanying
drawings, the micro-difusion is described more specifi-
cally hereinbelow.

FIG. 1 shows the manner in which the material flows
in the direction normal to the rotor axis of the conven-
tional mixing machine and also the manner in which
shearing stress works on the mixing material. The shear-
ing stress 7 varies in strength at different points distrib-
uted on a plane normal to the axis of the rotor 1. A
greater shearing force or stress created in a region near
a rotor tip serves to shear and plasticize the mixing
material such as a rubber material and to disperse addi-
tives such as carbon black. In FIG. 1, reference numer-
als 2, v, ho, h and 6 indicate a wall of the mixing cham-
ber, rotor speed, a tip clearance, a distance between the
rotor front face and the chamber wall, and a front (in-
clusion) angle, respectively.

It is important to disperse the additives sufficiently in
the mixing material in manufacturing tires. In order to
achieve sufficient dispersion of the additives, the rotor
needs to apply a shearing force greater than a deter-
mined minimum shearing stress rc to the material. Ac-
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2
cordingly, an increased shearing stress is required to
achieve an improved micro-dispersion.

In the case of mixing of the rubber material, the shear-
ing stress 7 is given by the following expression (1) and
if a drag flow concept can be adopted, a rate of shear y
is given by the following expression (2):

=Ky )

7. R-N @

Y =""60k

where n denotes a viscosity index greater than 0, Ris a
rotor diameter, N is a rotor rotation speed (rpm), and K
is a viscosity coefficient (which decreases as a tempera-
ture of the rubber material increases). In view of the
foregoing behavior of the mixing material, the follow-
ing arrangement can be envisaged to improve the mi-
cro-dispersion of the mixing machine:

(A) Increasing the shearing stress 7 in an overall cross
section normal to the rotor axis while enlarging a region
permitting 7>7c.

(B) Increasing an opportunity for the material to pass
through the region permitting > 7c near the rotor tip.

The arrangement (A) allows for increasing 7 of the
expression (1) as a whole of a shearing region, and more
particularly, from the arrangement (A) the following
arrangement can be envisaged:

(A-1) Increasing N of the expression (2) with a deter-
mined cross-sectional shape of the rotor unchanged.

(A-2) Decreasing ho of the expression (2) with a
determined N.

(A-3) Decreasing h and hence 8 with a determined N
and ho.

These arrangements have been practiced indepen-
dently or jointly in the conventional mixing machine,
however, they did not exhibit an advantageous result
for the reasons described hereinbelow.

The arrangements (A-1) and (A-2) have a drawback
in that a maximum shearing stress 7max which can be
obtained at the tip region increases to such an extent
that an excessive torque is caused at the time of charg-
ing the material in the initial mixing operation, and a
rapid increase of heat occurs to thereby decrease T soon
due to the fact that the viscosity coefficient K decreases
as the temperature of rubber material increases. As a
result, the micro-dispersion cannot be improved. Such a
drawback becomes serious if the material is required to
be mixed at a lower temperature.

The arrangement (A-3) has a drawback in that the
rotor fails to pull the material into the chamber at the
initial stage of mixing operation, and requires an in-
creased period of time for completing the operation.

As understood from the foregoing description, appli-
cation of the arrangement (A) for increasing N and
decreasing h is restricted to a certain extent. In view of
such restriction, the batch-typed mixing machine for
mixing rubber materials needs to be designed and manu-
factured based on empirically established standards.

FIG. 2 shows a part of the specifications for design-
ing the conventional batch-typed mixing machine, in
which the tip clearance ho and the rotation speed N are
determined on the basis of a certain standard regardless
of the rotor diameter R, and specifically N is 40~70 rpm.

This arrangement is apparent from FIG. 3 which
shows that the maximum shearing speed 7max (only at
the rotor tip region) is lower than 350 sec—!, and the
ratio a of the tip clearance ho to the rotor diameter R,
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ie. ho/R=aq, is set to be 0.01-0.015 regardless of the
size of the mixing machine.

The arrangement (B) seeks to increase the amount of
the material which undergoes shearing stress 7 greater
than the determined shearing stress r¢ (r>7c) without
increasing 7 as exerted by the arrangement (A). Specifi-
cally, the following arrangement is envisaged:

(B-1) Increasing a number of rotor vanes to thereby
allow an increased amount of the material to be subject
to the shearing stress.

According to the arrangement (B-1), a pair of twin-
vane rotors 1 each having a shorter vane 3 and a longer
vane 2 and being rotatable in a mutually opposite direc-
tion as shown in FIG. 4a are replaced by a pair of quad-
ruple-vane rotors 1 each having two shorter vanes 3 and
two longer vanes 2, each rotor being rotatable in a
mutually opposite direction. The quadruple-vane rotors
complete the mixing for a period of time shorter than
the twin-vane rotors, and increases the productivity by
20% in the break-down mixing of a natural rubber and
in the master batch mixing of a carbon black.

The provision for the increased number of vanes,
however, makes an effective mixing space of the mixing
chamber smaller, and thus decreases an axial flow rate
of the material to thereby impair the degree of mixing.
As a result, the shape of the vanes needs to be modified.

To provide a further increased number of rotor
vanes, for instance, to form a six-vane rotor or a quadru-
ple-vane with additional vanes, would increase the pos-
sibility of occurrence of the foregoing drawback.

The above-described drawbacks in the conventional
arrangements to improve the micro-dispersion of the
material are summarized as follows:

The greater shearing stress by decreasing ho and by
increasing N causes an excessive torque and excessive
heat generation. The increased number of rotor vanes
increase the opportunity for the material to undergo
shearing stress and impairs the degree of mixing.

- SUMMARY OF THE INVENTION

The present invention provides a mixing machine in
which shearing stress 7 acting on a material to be mixed
in a radial direction on a plane normal to the rotor axis
is kept at no more than the conventional or typical value
(tmax>350), while an increased amount of the material
is deliberately allowed to pass a region of a space de-
fined by and between rotors and an inner wall of a
mixing chamber, the space permitting the shearing
stress T greater than a determined value of shearing
stress 7 (7>7c), 0 as to enable the mixing material to
undergo the shearing stress effectively in a reduced
period of time.

According to the invention, the foregoing arrange-
ment (B) can be achieved by accomplishing an in-
creased rotor tip clearance ho and an increased rotation
speed N higher than the conventional typical speed.

More specifically, according to the invention, a
closed mixing machine comprising a casing and a pair of
end frames for jointly defining a mixing chamber, and a
pair of parallel rotors disposed in the latter for rotating
in mutually opposite directions, wherein the ratio of a
rotor tip clearance ho to a rotor diameter R, i.e. ho/R,
is 0.015<a <0.04, to rotor rotation speed N is 70-250
rpm, to differential rotation ratio of the rotors is 1.0-1.2,
the rotor length/chamber diameter ratio (L/D ratio) is
1.2-2.2, rotor front or inclusion angle is 15°-35°, the
rotor vane length ratio Ls/Le is 0.1-0.48, and the rotor
vane helix angle 61, 0s are 20°-45°, 0°~45°, respectively,
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where numerals Ls, L, 01 and 0s means respectively the
length of the shorter vane, a length of the longer vane,
the longer vane helix angle and a shorter vane helix
angle.

It is therefore an object of the present invention to
provide a closed mixing machine comprising an ar-
rangement to achieve an improved effect of the shear-
ing stress acting on the material to be mixed.

BRIEF DESCRIPTION OF THE INVENTION

FIG. 1(A) shows the manner in which maierial flows
in a direction normal to the rotor axis of a conventional
mixing machine.

FIG. 1(B) shows the relationship between shearing
stress and circumference distance from rotor tip of a
conventional mixing machine.

FIG. 2 is a chart showing a relation between a rotor
diameter R and a tip clearance ho, and a relation be-
tween the rotor diameter R and a rotation speed N of
the conventional mixing machine for mixing a rubber
material.

FIG. 3 is a chart showing a relation between the rotor
diameter R, and ho/R ratio (=) and a rate of shear of
the shearing portion ymax of the conventional mixing
machine,

FIGS. 4A and 4B are plan views showing conven-
tional twin-vane rotors and quadruple-vane rotors, re-
spectively,

FIG. 5A is a diagram showing a system of a mixing
machine according to the invention,

FIG. 5B is a schematical view showing a shearing
portion of the mixing machine of the invention,

FIG. 6 is a chart showing a relation between the
rotation speed N and a required period of mixing time
with a uniform quality of mixture (Mooney viscosity is
75) in a master batch operation of SBR and a carbon
black,

FIG. 7 is a chart showing a relation between the
rotation speed N and a discharged material temperature
Tdis in the operation of FIG. 6,

FIG. 8 is a chart showing effects of a ratio () of a tip
clearance to a chamber diameter in view of the rate of
shear ymax at a rotor tip and a required period of mix-
ing time, with a uniform quality of mixture (Mooney
viscosity is 75) in the master batch mixing of the carbon
black,

FIG. 9 is a chart showing the effects of a in view of
ymax and the required period of mixing time in the
break-down mixing of a natural rubber material with a
uniform quality of mixture (wherein the Mooney vis-
cosity is 75),

FIG. 10 is a chart similar to FIG. 8, showing results
obtained in the conventional mixing machine,

FIG. 11 is a chart similar to FIG. 9, showing results
obtained in the conventional mixing machine,

FIG. 12 is a plan view showing a rotor vane shape of
a 16-liter mixing machine according to an embodiment
of the invention,

FIG. 13 is a cross-sectional view of the rotor vane of
FIG. 12,

FIG. 14A is a view showing a position of the rotor in
the chamber, and

FIG. 14B is a expansion view of the rotor vane ac-
cording to the invention.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIGS. 5A and 5B schematically show a closed mix-
ing machine according to the present invention, in
which a pump designated by reference numeral P im-
pels a material flow Q out of a stored charging material
V to a shearing region X of a rotor, where the shearing
stress is greater than a determined value of shearing
stress 7c. When the material flow Q is increased, it
becomes possible to reduce a period of time required to
allow all the charging material V to undergo an effec-
tive shearing stress 7 which is greater than the deter-
mined value 7c.

The shearing stress 7 is maintained so as not to be-
come greater than the typical stress value 7' of the con-
ventional machine, with the result that an excessive
torque and local generation of heat can be curbed at an
early stage of the operation of the machine. Further, the
mixing capacity is not impaired by the problem of too
great a space because the mixing space is not reduced
since the number of vanes need not be increased.

The relation between the material flow Q and the
shearing stress r is expressed by configurational condi-
tions and rotation speed N of the rotor as follows:

The material flow Q which passes to rotor tip in the
direction normal to the rotor axis, i.e. the radial direc-
tion, is expressed in view of a drag flow by the follow-
ing expression (3).

Q=4V-ho-L (©)]
where

Q is material flow (cm3/sec),

V is rotor rotation speed (cm/sec),

ho is rotor tip clearance, _

L is rotor axial length (cm), from

V=mRN/60

the exp}ession Q) is

. @
Q= 120 m-R-N-ho- L.

Thus Q can be increased by increasing ho or N.

If 7 is represented by a maximum shearing stress
rmax obtained at the tip region while 7 is distributed in
the plane normal to the rotor axis as shown in FIG. 1,
the following expression (5) is obtained from the expres-

sion (1) and (2),

rmax=K[

Accordingly, in order to increase Q with Tmax being
kept at a determined value and without increasing ex-
cessively, N and ho should be increased while keeping
RN/ho in the expression (5) at a determined value.
Specifically, N and ho are increased at a substantially
equal rate.

For ascertaining the advantageous effect of the
above-described arrangement, that is, how effectively a
heat generation and an excessive torque are deterred to
achieve a reduced period of the mixing time, a perfor-
mance test has been made on a simulator model of the
mixing machine which has non-intermeshed rotors and
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6

a chamber having an inside diameter (203 mm) equal to
that of a minimum-sized real machine and a length L
being one third the length of the latter. For testing, ho
and N have been changed variously under various val-
ues of differential rotation ratio of one rotor to the other
rotor (1.0-1.2). The effect of phase angle of one rotor’s
tip to the other rotor’s tip has also been evaluated under
1.0 of the differential rotation ratio. The simulator ma-
chine also provides the chamber which allows an inter-
meshed-rotor mode. Performance test of mixing has
also been made in an intermeshed-rotor mode.

In testing the break-down mixing of a natural rubber
and the master batch mixing of a synthetic rubber (SBR
i.e. styrene-butadiene rubber) and a carbon black are
carried out. A micro-dispersion effect has been esti-
mated from the results of a mixing time tm required to
attain a determined quality, indicated by Mooney vis-
cosity and by the degree of dispersion of carbon black,
of the material to be mixed.

Also an evaluation has been made of a discharge
temperature Tdis of the rubber material at the time
when the material has attained the determined quality,
and also of the energy Esp (KWH/kg) consumed in the
mixing operation.

The results of the test (in the non-intermeshed mode
under 1.2 of differential rotation ratio) are shown in
FIGS. 6 and 7, where the quality of the mixed material
is evaluated by Mooney viscosity. An effect of ho is
shown in view of a relation between the discharge tem-
perature Tdis and the rotation speed N established
when a determined value of Mooney viscosity is at-
tained. Since the tip clearance ho differs depending on
different sizes of the mixing machine, ratio a of the tip
clearance ho to the rotor diameter R(a=ho/R) is given
in place of ho in FIGS. 6 and 7. This replacement is
possible because ho increases as R increases.

Considering design conditions of the conventional
machine shown in FIGS. 2 and 3, « is smaller than
0.015, and N is 40-70 rpm in the mixing machine for
mixing the rubber material. In particular, N is 60 rpm
when the rotor diameter is about 200 mm. Here, if stan-
dard values are given by a=0.015 and N=60 rpm, it is
known from FIG. 6 that if ho and N are increased to
obtain a.=0.0285 and N=90 rpm, it becomes possible to
decrease a required period of mixing time without im-
pairing the quality of the material in comparison with
the standard mixing time. Further, it is known from
FIG. 7 that the discharge temperature Tdis is main-
tained at a value approximately equal to the standard
discharge temperature.

In case of the even rotation operation (the differential
rotation ratio is 1.0) with various phase angle and the
intermeshed-rotor mode, similar results have been ob-
tained although the results are not shown.

The obtained results are transformed into the relation
between the maximum rate of shear ymax and the mix-
ing time tm shown in FIG. 8, where influences of N and
a and the result of Tdis are also shown.

Point A indicates the results of the conventional ma-
chine having the standard values: a=0.15 and N=60
rpm. If the values are changed by following a course of
direction C (by which both a and N increase), it can be
acknowledged that the required period of mixing time is
reduced with the determined quality and discharge
temperature maintained, which means that the micro-
dispersion effect is improved.
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To follow the direction C results in a decrease of
Tmax and hence a decrease of Tmax, however, the mi-
cro-dispersion effect has been improved accordingly.
This improvement can be due to the fact that since
+max is decreased by the increase of ho, and the dis-
tance h between the rotor front face and the chamber
wall is unchanged, and N is increased, from
y=m-R-N/60 h and 7=K.y"; the shear stress 7 of the
front face is increased, and hence the mean stress value
of the total shearing stress 7 in the radial direction (i.e.
the direction normal to the rotor axis, is kept unchanged
while 7max is decreased.

On the other hand, if it follows a course of direction
b (by which a decreases with N unchanged) or a course
of direction a (by which N increases with unchanged
a), the period of mixing time is reduced, but the dis-
charge temperature Tdis is increased to thereby cause
the foregoing excessive torque and the local heat gener-
ation.

FIG. 9 shows an example of the break-down of mix-
ing of the natural rubber. In this case, it also becomes
possible to reduce the required period of mixing time
with Tdis and the quality unchanged by following a
course of direction ¢’ (by which both a and N increase).

FIGS. 10 and 11 show respectively, the comparison
of the micro-dispersion effect created by the conven-
tional mixing machine to that of the present mixing
machine, in which figures of the design conditions of
the conventional machine appear with the results of
FIGS. 8 and 9 in which the maximum rate of shear is
smaller than 350 rpm (Ymax < 350). From FIGS. 10 and
11, it can be known regardless of the rotor mode that
0.015<a<0.04, and N is greater than the conventional
value, that is, 70-250 rpm, the micro-dispersion effect is
improved with the increase of Tdis curbed, and thus
resulting in a relatively high productivity. Maximum
limit of the rotor rotation speed N has been set at 250
rpm for the following reasons:

In the case of a mixing machine for mixing rubber
materials, the maximum limit of rate of shear ymax
obtained at the rotor tip is no greater than 350 sec—1. If
the rate of shear exceeds this value, the mixing rubber
material undergoes the shearing stress of greater than
107 dyne/cm?, which value will cause degradation of
the rubber due to the rupture of rubber molecules and a
rapid thermal increase. Accordingly, the maximum
limit of the rotor rotation speed N for the present mix-
ing machine can be obtained when the maximum value
of th;: rate of shear at the rotor tip is limited to 350
sec—1.

In case of the present machine, since 0.015<a<0.0-
4(aho/R), and Ymax=w-N/60 a<350, hence
N<6684.55X a.

Here, the maximum limit value of @ is 0.04. Introduc-
ing a=0.04 to the above expression, and we obtain

N<267 rpm.

Consequently, the maximum value of N can be limited
as follows:

N=250 rpm

FIGS. 12 to 14A and 14B show a pair of rotors 5
disposed in parallel in a mixing chamber 4 for rotating in
mutually opposite direction. Reference numerals 6, 7
and 8 designate respectively a shorter vane, a longer
vane, and a material supply inlet. Regardless of the
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rotor type, i.e. intermeshed type or non-intermeshed
type, the rotor shape is determined as follows:

In order to achieve high productivity under the con-
dition of a relatively high rotation speed and an increase
of ho without developing a thermal heterogenity or
deteriorating a degree of mixing, the following condi-
tions must be satisfied.

Differential rotation ratio of one rotor to the other
rotor is 1.0-1.2. The range of this ratio is determined to
make the two rotors consume an uniform amount of
energy and generate an uniform amount of heat, if any.

From this point of view, the differential rotation ratio
is most preferably 1.0 (that is, the equal speed or the
intermeshed-rotor mode). However, no critical prob-
lem is created inasmuch as the ratio is smaller than 1.2 in
a non-intermeshed-rotor mode. From the viewpoint of
superior homogeneity of mixture, the phase angle of
one rotor tip to the other rotor tip is 0°+=45° preferably
(0° means synchronized) under a 1.0 differential rotation
ratio. However, no critical problem is created out of the
range defined above.

The rotor length/chamber inside diameter ratio is
1.2-2.2. The maximum is due {0 limit a mechanical
strength of the rotor, and minimum limit thereof is se-
lected in view of a surface area required for cooling the
rotor.

The front angle @ of the rotor is 15°-35°. The relation-
ship 15°=0 is required to obtain a suitable inclusion or
raking effect at the time of charging the material, and
the relationship 8 <35° is required to prevent adherence
of the material to the rotor.

The differential rotor length ratio of a shorter vane to
a longer vane (Ls/Ll) is determined to be 0.1-0.48.
Helix angles 01, 0s of the longer and the shorter vanes
are determined to be 20°-45° or 45°, respectively. These
ratios are determined to prevent a decrease of the mix-
ing degree.

EXAMPLE

Using mixing machines of non-intermeshed rotor
type having a mixing chamber specified by an inside
diameter of 220 mm and an effective volume (capacity)
of 16 liters, comparison has been made between the
results obtained by the conventional machine of the
typical conditions (N=60 rpm, &=0.015) and the re-
sults obtained by the present machine of the conditions
according to the invention (N=90 rpm, a=0.029).
Each of the two rotors has four vanes.

The mixing operations exerted are a break-down
mixing of the natural rubber material and a master batch
mixing of carbon black for producing tires. The mixing
has been continued until a result of Mooney viscosity
and carbon dispersion reaches a determined level. Then
the result of the mixing time tm, discharge temperature
Tdis, consumed energy Esp (KWH/kg), maximum
batch amount of the charged material, material inclu-
sion (ram-descending time) are compared to one an-
other.

According to the preseni mixing machine, significant
improvements have been obtained in comparison with
the conventional machine as set forth hereinbelow:

(a) Productivity (mixing time) is

increased by 70% (natural rubber)
increased by 30% (carbon master)

(b) Discharge material temperature is

not changed (natural rubber)
not changed (carbon master)
(c) Consumed amount of energy is



4,718,771

9
decreased by 13% (natural rubber)
decreased by 4% (carbon master)

(d) Peak torque is
reduced by 10% (natural rubber)
reduced by 2-10% (carbon master)

(e) Degree of material inclusion and maximum
amount of material charged are, when an uniform
amount of the material is charged, a period of ram-
descending time is
reduced by 50% (natural rubber)
reduced by 25% (carbon master),

and the maximum amount of the material charged is
increased by 9% (natural rubber)
increased by 6% (carbon master).

With the arrangement described hereinabove, the
mixing machine according to the present invention
enables:

deterring an increase of the material temperature,
occurrence of an excessive torque and local heat
generation;

reducing a period of mixing time; decreasing peak
torque;

reducing consumption of energy;

increasing material inclusion; and

increasing maximum batch amount of the material.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
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10
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described
herein.

What is claimed as new and desired to be secured by

Letters Patent of the United States is:

1. A closed mixing machine, comprising:

a closed mixing chamber formed by a casing and a
pair of end frames;

a pair of rotors disposed in parallel in the mixing
chamber for rotating in opposite directions with
respect to each other, each said rotor having at
least one longer vane and at least one shorter vane,
wherein a ratio a of a tip clearance ho to a rotor
diameter R[(=ho/R)] is represented by the rela-
tionship 0.015<a<0.04, a rotation speed of said
rotors is 70-250 rpm, a rotation speed ratio of one
of said rotors to the remaining rotor is 1.0-1.2, a
rotor length/diameter ratio is 1.2-2.2, a rotor inclu-
sion angle is 15°-35°, a rotor vane length ratio
Ls/Ll1 is 0.1-0.48, a helix angle 61 is 20°-45°, and
helix angle s is 0°-45° wherein Ls is the length of
the shorter vane, Ll is the length of the longer
vane, 0s is the helix angle of the shorter vane, and

01 is the helix angle of the longer vane.
x % % * *



